OPAL (Online PArtner Lens) is an application designed to match project requirements with suitable teams and individuals, and as part of its matching process features an evaluation mechanism designed to elicit measures of trust between potential partners. We describe a matrix-style visualisation that displays these hierarchically structured assessments between sets of OPAL users to allow them to select potential partners. The main feature of the matrix visualisation is the ability for users to assess the context of a specific assessment as the visualisation not only reveals simple related statistics for the two users concerned, but also overlays summaries of related assessor and candidate evaluations as compact and ordered 'value bars' when the user examines information in the matrix. This enables the user to better decide whether a given assessment is in line with what would be expected from an assessor's and candidate's history, or whether it indicates a specifically localised interplay between the two users. Other features include a simple focus+context effect that can reveal the tree-like structure and details of assessments, and filtering assessments by their position in the matrix or by particular assessment attributes.
INTRODUCTION
Matrix visualisations of graph data are an alternative to the nodelink style layouts of most graph visualizations. In the matrix approach, nodes are arranged along the horizontal and vertical axes of a grid to form rows and columns respectively, and the edges between nodes are placed at the intersections of the appropriate rows and columns. The resulting visualisation, depending on how the edges are represented, can be similar to that of a table for full graphs, or can resemble a scatterplot for sparser graphs.
This approach has associated advantages and disadvantages when compared to node-link visualisations. Primarily, a matrix visualisation has the edges or links as the focus of attention -such a display allows a user to see at a glance the density of the graph; a fully connected graph will have a mark at every point in the matrix, a sparsely connected graph less so. Details associated with edges in the graph can be displayed more readily than in the nodelink representations, and groups of edges may be manipulated in a manner that is not possible in node-link representations e.g. as in Siirtola's Reorderable Matrix [7] . It also overcomes the problems of edge-crossings that occur in node-link visualisations, in which even a sparse graph may be difficult or impossible to visually disentangle without mechanisms to filter out uninteresting edges. The layout is also naturally suited for directed graphs, as source nodes can be arranged along one of the axes and destination nodes along the other. Furthermore, many common node-link graph visualisations use force-directed algorithms to calculate an optimum layout configuration; this can take some considerable time even with refined layout algorithms, but this isn't a problem with matrix visualisations. One disadvantage of matrix visualisations is that they do not readily show the global or local structures formed by the nodes and edges within a graph, as they are more suitable for displaying the information contained or associated with nodes and edges. As such, it can be hard to establish the context of a particular edge or location within the graph.
MOTIVATION
OPAL (Online PArtner Lens) [2] is an EC-funded research project whose aim is to help businesses quickly form or select project groups that fit the skill requirements and attribute profiles for project tenders. Part of this process, and the focus of this paper, involves users assessing qualitative aspects of possible candidates on the basis of interviews via video-conferencing. Each assessment is judged on a number of fixed criteria, to which scores are assigned on a scale of 1 to 5 by the assessor, similar to a questionnaire. Each attribute or criterion may form a sub-part of another attribute, and thus every assessment in whole forms a small hierarchy composed of attributes and related scores that is intended, overall, to give a measure of trust in the candidate. Over time these assessments are stored in a centralised database from which they may be accessed and queried.
This historical collection of assessments gives an OPAL user a choice of whether to continue to assess candidates themselves, or to trust to the judgements of others and analyse this dataset to discover whether the candidates are thought to be trustworthy by other OPAL users. The overall effect is similar to the well-known and widely-used reputation system implemented on eBay, but on a more detailed level than simply good, bad or neutral responses, in which eBay's buyers and sellers are equivalent, correspondingly, to OPAL's assessors and candidates. Even so, it has been noted by Resnick et al [6] that even these simple responses accumulate to affect buyers' decisions on eBay, when faced with a choice of a seller who has built up a substantial set of positive feedback or a new, unevaluated seller. Furthermore, Resnick and Zeckhauser [5] have shown that such simple assessment histories are generally indicative of future performance (though they also point out that in eBay there is a distinct tendency for assessment outcomes to be overwhelmingly positive.) As such, to aid the detection of suitable candidates, we began to develop a visualisation that would show OPAL users the assessment histories for a chosen set of candidates. The candidate set may already have been filtered to a degree as OPAL candidates can pass through a competency filter of necessary skills to be considered further (this, in a further eBay metaphor, may be considered equivalent to whether the candidate has the right 'items' that an assessor may wish to 'buy'.)
METHOD
The historical assessment data forms a directed graph over the set of users, each of whom may either be the candidate or assessor in any particular assessment, in which we consider the assessor to be the 'source' of the assessment and the candidate to be the 'destination'. A matrix representation was chosen to display the assessment information for two of the reasons we have previously stated as being among the strengths of a matrix approach to graph data visualisation. Firstly, even though the graphs under consideration are quite sparse compared to a fully connected graph, each assessor or candidate may have many tens of assessments performed on or by them, which would equate to a traditional node-link diagram of hundreds of nodes with tens of edges each. Whilst state-of-the-art approaches to node-link graph visualizations scale to large numbers of nodes, they are not as proficient at scaling to large numbers of edges, the most common methods of dealing with such a situation being to filter [1] or cluster [4] edges to speed up rendering, simplify layout and improve perception of the overall visualisation. However, we would like the user to be able to see the full set of edge data between at least a limited set of users. Secondly, the information of interest, the assessment data, forms the edges of the graph, while the users form the nodes. Traditional node-link
Figure 1. Matrix with both axes ordered by average evaluation score
Candidate axis is coloured similarly. Line length gives total number of assessments performed on candidate.
Average of an assessor's summary assessment scores indicated by axis colour. Line length above indicates number of assessments performed by an assessor.
Summary assessment scores (average of subattribute scores) indicated by colour of mark.
Crosshairs. Probed assessment lies at crosshair intersection.
Aggregate value bars
This aggregate value bar shows that this candidate has been evaluated by an assessor who ranks them highest in their assessments. visualizations of graphs tend to give visual prominence to the nodes and the structure of the graph, with the edges acting mostly as visual connectors to give an impression of the structure. Matrix visualizations move the edges and any information they hold to the focus of attention, with the nodes acting as placeholders along the axes for the edges. As the information we were exploring was associated explicitly with the edges, we decided to investigate a matrix visualization of the data.
The matrix is initially displayed as shown in Figure 1 with the assessors forming the horizontal axis, the candidates the vertical axis, and assessments between users represented as a small rectangle at the appropriate coordinates in the matrix. Overall or summary scores for individual assessments at this scale are represented through colouring of these rectangles along a rainbow scale, with orange/red representing the highest and blue the lowest assessment score. Information is also displayed along both axes, where hue indicates the average score of all assessments performed by an assessor along the horizontal axis or upon a candidate along the vertical axis. The same colour scale used for the individual assessments is used on the axes. Small lines emanating from the axes indicate the relative number of assessments an assessor has performed or that have been performed upon a candidate.
A number of simple statistical orderings are possible on both axes via the control panel in the upper right-hand corner of the screen. For instance, in Figure 1 , the matrix has been arranged along both axes by average score, as can be surmised by the smooth graduation of hue along both axes -colour representing the average assessment score given or received by a user. Not surprisingly, this particular configuration shows a general but not overwhelming correlation that those candidates who receive generally low or high average scores receive that score from assessors who hand out similarly low or high average scores.
Moving the mouse across the matrix or along the axes will probe individual assessors, candidates and evaluations. Brushing over the matrix brings up a column and row crosshair that encloses the other assessments involving the assessor and candidate that intersect at that particular point. If the brushing is performed along an axis, then only one arm of the crosshair is rendered, enclosing either the appropriate assessor column or candidate row in the matrix. If a particular assessment is being brushed, then that assessment's summary score is displayed numerically in a tooltipstyle box in the matrix. Furthermore, in the right-hand control panel seen in Figure 1 , details about the assessor and candidate pairing that are currently being brushed are displayed, along with details of the last assessment that was probed. Obviously, in a sparse matrix, any assessor/candidate pair may not necessarily have an assessment associated with them, so these two pieces of information will not always be updated simultaneously.
As an example, Figure 1 shows the examination of an outlier assessment. Here, a candidate with a generally high average score (they are positioned towards the yellow end of the candidate axis) has received one low assessment, specifically from someone who appears to have a tendency to hand out low scores (they appear towards the left-hand, blue-tinted end of the assessor axis.) Is this just evidence of an overly harsh assessor or is it an anomalous rating, indicating a localised incompatibility or disagreement between the two users?
To answer this question, for each assessment enclosed within the crosshair, extra information is overlaid in what we term 'value aggregate bars' that can be seen overlaying the crosshairs in Figure 1 . These representations are another view of all the marks in the matrix associated with one particular candidate or assessor, which are gathered together, ordered by summary assessment score, and expanded to a viewable scale. In this manner they are somewhat reminiscent of Keim et al's Pixel Bar Chart representations [3] , though simpler in aim and merely acting as rearrangements of information that is already present on screen. This is done so individual assessments that lie within the crosshair can be seen in the context of the other assessments that they are directly related to, without the user having to attempt the near impossible task of reading all the marks across a row or down a column. Thus, if the assessor marked by the crosshair has performed 'N' assessments (including the evaluation under focus) then 'N' aggregate bars will appear overlaid across the crosshair column at the positions occupied by the assessment marks e.g. in Figure 1 the assessor has performed a total of nine assessments, including the assessment being investigated, and so there are nine aggregate value bars lying across the crosshair column. Each bar will hold all the assessment scores passed on a candidate, and are aligned such that the crosshair intersects the position in the bar of the current assessor's evaluation. This reveals how the assessor has evaluated these other candidates in comparison with other assessors, and provides a context when considering how reliable their judgement is with regard to the assessment under examination. Figure 2 shows diagrammatically the relationship between the assessment under examination, and the assessments/edges that are shown in the aggregate value bars -the figure itself also succinctly demonstrates the point that node-link diagrams show context in a graph easily, but only when the edges are cut down to a manageable amount.
-Assessments (edge)
A similar operation is performed for the candidate, where all the other assessors that have performed an evaluation on the candidate have their entire assessment sets overlaid across the horizontal crosshair. In Figure 1 the candidate has had six further assessments performed on them, so there are a total of seven aggregate value bars overlaying the crosshair row (including one for the current assessment.) Again, each of the aggregate value bars intersects the crosshair at the point where the candidate's score occurs in the bar.
So Figure 1 shows that the assessor concerned has a pattern of handing out low scores, and was consistently the source of the lowest individual score for many of the candidates they had assessed -noticeable as the assessor crosshair intersects each aggregate value bars at the extreme left. However, the candidate still gained one of the highest scores awarded by this assessor, and was one of the highest scoring candidates for the further assessors who evaluated them (as the candidate crosshair cuts all these bars low down). This gives a user a fairly reasonable indication that this assessor is uniformly harsh and the apparently outlying assessment is nothing remarkable given the assessor's history.
As the bars are coloured as per the assessments they represent in the matrix, they give the user not only an impression of where an individual candidate ranks in an assessor's opinion, but also show the specific distribution of the overall scores awarded by the assessor. Figure 3 shows an example of this where a candidate is shown as ranking as the second worst according to a particular assessor, but the colour coding indicates that the score distribution is such that the candidate is a lot closer to the best score (mid-green) than to the worst score (marked as deep blue) this assessor has allotted. The bar thus summarises the fact that this assessor has handed out a group of evaluations of roughly the same rating (all shaded equally), plus one particularly poor evaluation score (the darker shaded box at the top of the bar.)
The overall effect is to give a sense of context to the assessment, assessor and candidate under consideration, so the user can see whether or not a particular evaluation is part of a pattern to the evaluations that the candidate receives or the assessor delivers.
Focus and Context
Each assessment is hierarchical, being recursively composed of various sub-attributes that each have assigned scores. Investigating individual assessments will reveal this data in the control panel's expandable tree widget for one evaluation, but to explore the details of groups of evaluations a simple focus and context effect has been incorporated into the visualisation.
Selecting an area in the matrix by clicking and dragging with the left mouse button will expand the selected area and shrink the non-selected periphery. If the individual marks in the area of focus are now expanded to above a threshold size, the matrix will begin to show details of the attribute scores that make up the overall score for the assessments concerned. Each individual representation will draw the attribute tree from left to right in a simple space-filling representation until it decides there is no room to draw any more detail. The overall look is akin to Wong and Bergeron's scatterplot display of glyphs [9] . Figure 4 displays an example of focusing on a small area of the matrix. As this happens, more details are revealed about each individual assessment within the bounds of the focal area.
Filtering
Filtering can be applied in two distinct modes, either on assessors and/or candidates, or by universally disabling/enabling attributes in the assessments. Depressing the right-hand mouse button and dragging along one of the axes will filter out a subset of either candidates or assessors; dependent on the axis the action occurs on. Performing the same dragging action on the matrix itself, an area is formed in which every candidate and assessor that intersects the selected area is filtered out. For instance, a user may decide that when ordering the matrix by the total number of assessments, it would make sense to filter out assessors with only one assessment, as the user decides there is not enough information to make a valid judgment on them.
The attribute-based filtering mechanism allows a user to filter out certain parts of the assessment that are currently unimportant to them. For instance, in Figure 5 the 'Project Management' attribute and its sub-attributes in the Compatibility evaluation may have no bearing on any decision the user will make. As such, the 'Project Management' attribute has been deselected by toggling the appropriate checkbox in the assessment detail tree widget in the bottom right-hand corner of the display, and the affected attributes have consequently been marked with a neutral shading wherever they occur. Upon filtering, either by assessor, candidate, or attribute, the matrix will reorder itself according to the current sort metric of each axis. Over a period of time the user can browse the data in the matrix, examining assessments, assessors and candidates of interest in detail or in general. In OPAL the ultimate purpose will be to use the visualization to reduce a largish set of likely candidates to a handful of final candidates the user may then wish to interview themselves either face-to-face or using online technologies.
CONCLUSION
We have presented a matrix-style visualisation whose development was prompted by the requirement to explore and filter sets of assessments conducted between users of OPAL, a project requirements matching system. As these assessments formed the edges of a directed graph between the users and were also the focus of the visualisation tasks, we argued that a matrixstyle visualisation was preferable to a classic node-link approach for our needs.
Whilst it has been shown with eBay that a single users' assessment history can act as a guide for future performance, we developed a visualisation technique using 'value bars' that allowed a user to see directly related assessments concerning the candidate or assessment of interest, which act as context. This allows a user not only to see whether a candidate has a suitable set of ratings, but also if the people who gave those assessments have stable or reasonable patterns of scoring. A simple focus+context technique enabled individual or small groups of the hierarchically structured assessments to be revealed in more detail, using a space-filling technique to recursively visualise sub-attributes.
An earlier version of the matrix was evaluated by observing users using it for a handful of tasks. This early evaluation led to refinements that have been included in the current matrix, such as the ability to filter by dragging along axes (users didn't always like to filter directly on the matrix as it filtered on both axes simultaneously) and the removal of a 'reciprocal crosshair' which highlighted the reciprocal evaluation of the candidate on the assessor, if present. This was found to be both distracting and confusing and so was removed.
FUTURE WORK
It would be useful to link the matrix visualization to a classic node-link graph visualization to expand the scope of the tasks that can be performed. For example, in tandem, it could be expected that such a linking could expose cycles of users who are all 'slapping each other on the back', a structural attribute that is not possible to see in any straightforward sense with the matrix visualization alone.
Matrix visualizations also lend themselves naturally to hierarchical clustering along the axes, allowing tree-like expansion and contraction of areas of interest, such as demonstrated in van Ham's multi-level call matrices [8] or Ziegler et al's Matrix Browser [10] . Our data has hierarchical properties, but these relate to the assessments that make up our edges/links, and not to the nodes that represent the OPAL users. It would be useful to explore some statistical means of clustering candidates and assessors, though it is not clear how this could be done at this time unless manual ordering along the axes was allowed.
Other possible use-cases for this technique could include exam scoring, paper reviewing, or indeed many practices where multiple assessors evaluate candidates by a standard attribute set.
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